Abstract The concentration levels of eight heavy metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) were measured in the liver, gills, and muscle tissues of tuna fish (Thunnus thynnus) collected from the El-Mex Bay, the Eastern Harbour and Abu-Qir Bay as well as two bivalves (Pinctada radiate and Paphia textile) from the Abu-Qir Bay. Generally, the liver and gills exhibited higher metal concentrations than the muscle. Among the analysed fish species, the average concentrations of heavy metals were as follows: Cd (0.052, 0.243, 0.177), Cr (0.817, 1.503, 1.196), Cu (1.251, 4.368, 2.711), Fe (165.476, 263.557, 186.405), Mn (1.004, 1.509, 3.031), Ni (0.370, 0.624, 0.708), Pb (0.832, 1.113, 1.372), Zn (18.715, 118.308, 78.421) mg/kg wet weight in the muscle, liver and gill tissues, respectively. The average concentrations of trace metals in mussels decreased in the order Fe (296.655) > Zn (88.222) > Mn (5.497) > Cu (1.299) P Pb (1.135) P Cr (1.072) > Ni (0.659) > Cd (0.347) mg/kg wet weight. The concentrations of the studied heavy metals in all species were found to be within the safe limits suggested by various authorities and thus gave no indication of pollution. The target hazard quotients (THQs) values of Cd, Cr, Cu, Mn, Pb, and Zn for the investigated fish and mussels are much smaller than one, which may indicate that there is no health risk from consuming the investigated fish and mussels. 
Introduction
In recent decades, much attention has been paid to the study of both essential and toxic trace element contents in foodstuffs, as a result of a growing concern about the health benefits and risks of food consumption (Gue´rin et al., 2011) . Trace metals are taken up and subsequently accumulated by organisms from both natural sources and contaminated effluents which enter the aquatic environment through direct discharges (Marsden and Rainbow, 2004) . The distribution of heavy metals in the different components of the marine ecosystem is regulated by physicochemical processes, e.g. dilution, diffusion, precipitation and sorption, as well as other processes such as the uptake and elimination by marine organisms (Arellano et al., 1999) . Ecological needs, sex, size, seasonal changes and moult of marine animals were also found to affect metal accumulation in their tissues (Yılmaz and Yılmaz, 2007) . Metals such as iron, copper, zinc and manganese, are essential metals since they play an important role in biological systems, whereas other metals such as mercury, lead and cadmium are non-essential metals, as they are toxic, even in trace amounts. The essential metals can also produce toxic effects when the metal intake is excessively elevated . However, like essential metals, nonessential metals are also taken up by fish and accumulate in their tissues (Yılmaz et al., 2010) . Fish and mussels are the major part of the human diet as they provide omega-3(n-3) fatty acids that reduce cholesterol levels and the incidence of heart disease, stroke, and preterm delivery (Daviglus et al., 2002; Patterson, 2002) . They are widely consumed in many parts of the world because they have a high protein content rich in essential amino acids, micro and macro elements (calcium, phosphorus, fluorine, and iodine), polyunsaturated fatty acids and liposoluble vitamins which have benefits and a hypocholesterolic effect (anti-atheriosclerosis) (Ismail, 2005; Ikem and Egiebor, 2005) . In contrast to the indisputable advantages of fish in the diet, the potential risk of exposure to the chemical contaminants in fish and fish products should also be taken into consideration in the assessment of the health quality of this food (Usydus et al., 2008) . In recent years, investigations aimed at identifying the benefits of fish consumption have also indicated that there are risks connected to toxic contamination (Domingo et al., 2007; Mahaffey, 2004) . Several organizations have pointed out the need for monitoring heavy metal concentrations in the environment (UNEP/ FAO, 1996) because of their toxicity, persistence and accumulation in the biota and their transfer to humans through the food chain (Ashraf et al., 2006) . So, it is not surprising that numerous studies have been carried out on metal accumulation in different fish species (Alam et al., 2002; Dural et al., 2007; Farkas et al., 2003; Mendil et al., 2005; Tu¨rk-men and Ciminli, 2007; Tu¨rkmen et al., 2005; Tu¨rkmen et al., 2006; Squadrone et al., 2013) . As already known, fish is currently considered as one of the most interesting foods (Carvalho et al., 2005) . Because the metal pollution in aquatic environments can be harmful to human health, it is necessary to understand and control the hazard levels of pollution in seafood. It is difficult to find a balance between the health benefits and risks stemming from fish consumption. Tuna is known to be one of the most frequently consumed and commercially available groups of fish worldwide and as a predator, are high performance fish with very high metabolism rates; thus, having high food intake rates, increases the accumulation of pollutants (Burger and Gochfeld, 2004; Voegborlo et al., 1999 , Kojadinovic et al., 2007 . Therefore, the aim of the current study was to determine the levels of some heavy metals in the muscle, liver and gill tissues of tuna fish as well as in bivalves from three hot spots along the Alexandria coastal water; also, to assess the public health risks associated with the consumption of mussels and the edible portion of the fish harvested from these areas by estimating daily and weekly intakes and comparing them to the professional tolerable weekly intake (PTWI) and professional tolerable daily intake PTDI as well as the total target hazard quotient (TTHQ) for these metals as recommended by various authorities.
Materials and methods

Study area
Tuna fish were collected during 2013 from three locations namely the El-Mex Bay, the Eastern Harbour and the AbuQir Bay which represent important fishery areas, play key roles as nursery grounds for commercially relevant fish species and are subjected to different pollutants. El-Mex Bay is affected by a mixed agricultural runoff and industrial wastes from a chloro-alkali plant and receives airborne particles from the fumes of adjacent industrial plants, including an oil refinery and cement factory. The Eastern Harbour, semi closed basin, is considered as a model of polluted sea water bodies mainly affected by sewage disposal beside its ship-yard waste disposal (Shriadah and Emara, 1991; Khaled, 2004a,b) while the Abu-Qir Bay is exposed to industrial and agricultural wastes (El-Tawil and Khalil, 1983) (Fig. 1 ).
Sampling and sample analysis
Tissues were dissected by a plastic knife and all laboratory glass-ware was soaked in 2 M HNO 3 for 48 h, and rinsed five times with distilled water, and then five times with de-ionised water prior to use. Immediately after collection, fish and mussels samples were washed thoroughly with sea water in order to remove mud or other fouling substances and then put in a clean polythene bag, preserved on ice and transported to the laboratory. After transportation, the total length and weight of the samples were measured to the nearest millimetre and gram before dissection. In order to minimise natural variability, the current procedures were followed; each sample of mussels was prepared from 50 or more individuals representing the available size range existing in the selected area (OSPAR, 1999) . Approximately 10 g of samples of the muscle, an entire liver and gills of each fish were dissected, washed with distilled water, packed in polyethylene bags and stored in a freezer until the performance of chemical analysis . Also, the soft tissues of the mussels were separated from the shells and stored in a freezer until chemical analysis. The exact weights of each sample tissue (0.2-0.3 g of dry weight) were transferred into 100 ml Teflon beakers. Thereafter, 10 ml of ultrapure concentrated nitric acid was added slowly to the sample (2 ml of ultrapure concentrated perchloric acid is added in the case of gill tissues). The Teflon beaker was covered and heated at 200°C on a hot plate for 3 h, until the solution evaporated slowly to near dryness. Two millilitres of 1 N HNO 3 was added to the residue and the solution was evaporated again on the hot plate. By repeating the additional digestion twice, all organic materials in each sample were completely digested. After cooling, 2.5 ml of 1 N HNO 3 was added to the digested residue and was transferred to 25 ml volumetric flasks, then diluted to level with de-ionised water. Before analysis, the samples were filtered through a 0.45 lm nitrocellulose membrane filter. Sample blanks were prepared in the laboratory in a similar manner to the field samples (Alam et al., 2002; Besada et al., 2008) . All metal concentrations were determined on wet weight basis as mg kg À1 . All digested samples were analysed three times for the metals Cd, Cu, Ni, Pb, Mn, Zn, Fe, Ni using atomic absorption spectrophotometry (Shimadzu, AA-6800). Instrument calibration standards were made by diluting the standard (1000 ppm) supplied by Wako Pure Chemical Industry Ltd., Japan. Analytical blanks were run in the same way as the samples and concentrations were determined using standard solutions prepared in the same acid matrix. The accuracy of the applied analytical procedure was tested using the certified reference material Dorm-2 (dogfish muscle, National Research Council, Canada) for eight elements (Cd, Cr, Cu, Fe, Mn, Ni, Cd, Pb, and Zn). Replicate analyses of these reference materials showed good accuracy, with recovery rates for metals between 97% and 104% for fish as shown in Table 1 .
Results and discussion
Levels of eight elements in the muscles, liver and gills of tuna species Thunnus thynnus, Linnaeus, 1758) collected from the El-Mex Bay, the Eastern Harbour and the Abu-Qir Bay as well as their concentration levels in the two mussels (Pinctada radiate, Leach, 1814; Paphia Textile, Gmelin, 1791) from the AbuQir Bay were illustrated in Table 2 .
Metal concentrations in tuna species
Marine organisms, including fish and mussels, may accumulate heavy metals through direct absorption or via their food chain and pass them to human beings, by consumption, causing chronic or acute disorder. In the present study, gills and liver are chosen as target organs for assessing metal accumulation. Liver, being a particularly metabolically active tissue, has a tendency to accumulate metals to a higher degree than the muscle tissue, which usually exhibits a low accumulation potential of metals. Muscle is chosen because it is the part consumed. Average metal concentrations of examined species in the three locations were generally higher in livers than those in muscles and gills, except Mn, Ni and Pb, their concentrations in gills exceeded their concentrations in liver as illustrated in Figs. 2 and 3. Iron was the highest in both the muscle and liver of analysed species in this study, followed by Zn. On the other hand, cadmium was generally the lowest Fig. 4 . Similar situations were reported by many researchers (Dural et al., 2007; Farkas et al., 2003; Tu¨rkmen et al., 2008 Tu¨rkmen et al., , 2009 Uluozlu et al., 2007) . Iron is the most abundant transition element, and probably the most well known metal in biologic systems (F} orstner and Wittmann, 1983) . The maximum ranges of Fe in muscle, gills and liver tissues were found in Abu-Qir Bay, while the minimum ranges were found in the El-Mex Region. As illustrated in Table 2 , Fe was detected in an amount that fluctuated between 139. 84-191.42; 211.26-296.30; 160.17-221 .08 mg kg À1 wet weight respectively for muscle, liver and gills tissues. Iron concentrations in the present study were generally in agreement with the literature, where iron levels in the literature mainly ranged between 68.6 and 163 mg kg À1 for muscles of fish from the Black and Aegean Seas (Uluozlu et al., 2007) , 30-160 mg kg À1 for muscles of fish from the Black Sea coasts (Topcuog˘lu et al., 2002) , 49.9-889 mg kg À1 for livers of fish from the Turkish Seas, 48.1-384 mg kg À1 for livers of fish from the Tuzla Lagoon, Mediterranean Sea region (Dural et al., 2007) , 105-442 mg kg À1 for livers of fish from Marmara, Aegean and Mediterranean Seas , 54.2-318 mg kg À1 for livers of fish from the Aegean and Mediterranean Seas (Turkmen et al., 2009), 58.67-376.37 and 45.94-204 .14 mg kg À1 for livers and gills respectively of fish from the Egyptian Mediterranean Sea (Khaled, 2013) .
Zinc is responsible for some important biological functions and a relatively high level is necessary to maintain these biological functions. It is a constituent of all cells, and of many enzymes (Oehlenschlager, 1997) . Vallee, 1978 indicated that zinc is one of the most important essential trace metals and more than 90 zinc-containing enzymes and proteins have been discovered; furthermore, zinc increases the activity of many other enzymes. Zinc toxicity is rare, yet it can be toxic above the limit of 50 mg kg À1 wet weight in muscle. It appears to have a protective effect against the toxicities of both cadmium and lead (Calabrese et al., 1985) . Zinc levels in fish muscles, livers and gills ranged from 16.54 to 22.12 mg kg À1 , from 103.82 to 138.61 mg kg À1 and from 75.16 to 82.21 mg kg À1 respectively. The highest levels of Zn were recorded in the Abu-Qir Bay for both muscles and livers, whereas gills recorded the highest values in the El-Mex Bay. There is a good correlation for Zn between livers and muscles and its absence between gills and both muscles and livers for the studied fish in this study (r = 0.997, P = 0.06) which confirms the obtaining of majority of zinc from dietary sources rather than from the water (Kargin, 1996; Khaled 2004a Khaled ,b, 1997 Pourang, 1995) . The zinc concentration in the samples compares well to the earlier report on the fish species from the Black Sea coasts (9.5-22.9 mg kg À1 ) (Topcuog˘lu et al., 2002) , 16.1-31.4 mg kg
À1
for fish from the Mediterranean Sea (Kalay et al., 1999) , Figure 2 Average concentrations of Cd, Cr, Ni and Pb in muscle, liver and gill of tuna species. (Khaled, 2013) .
Manganese is an essential element for both animals and plants; its deficiency results in severe skeletal and reproductive abnormalities in mammals (Sivaperumal et al., 2007) . Daily intake of small amounts of manganese is needed for the growth and good health of children. Children, as well as adults, who lose the ability to remove excess manganese from their bodies, develop nervous system problems. According to the EPA, there is no information on the carcinogenicity of manganese (Agency for Toxic Substances and Disease Registry, 2004 (Khaled, 2013) . As shown in Table 3 , Mn is widely distributed throughout the body with little variation as previously reported by Tu¨rkmen et al., 2008. Although copper is an essential element, it is very toxic and a maximum limit intake was set at 30 mg/day (WHO, 1996) . However, a high intake of Cu has been recognised to cause adverse health problems (Gorell et al., 1997) . Copper was detected in all examined fish samples and its concentration ranged from 0.99 to 1.75 mg kg À1 in the muscle and from 2.67 to 5.67 mg kg À1 in the livers with the highest levels recorded for the Eastern Harbour fish and the lowest for the Abu-Qir Bay, while the gills recorded the highest level of Cu for El-Mex Bay fish (3.51 mg kg
) and the lowest value was recorded for Abu-Qir Bay fish (1.50 mg kg
). Copper levels in the present study are in good agreement with previous recorded values of fish species where the values ranged from 0.23 to 9.49 mg kg À1 for fish from Marmara Sea (Keskin et al., 2007) , 4.19-5.64 mg kg À1 for fish from the Iskenderun Bay, Turkey (Yılmaz et al., 2010) , 0.74-2.24 for fish from the Iskenderun Bay (Tu¨rkmen et al., 2006) for muscles; 0.7-27, 3.1-323 mg kg À1 for fish from the Lake Budi (Tapia et al., 2006) , 0.15-5.06, 1.11-46.2 mg kg À1 for fish from the Turkish seas, 0.32-6.48, 5.29-14.9 mg kg À1 for fish from Marmara, Aegean and Mediterranean Seas for muscles and livers respectively; 0.35-12.0 mg kg À1 for livers of fish from the Tuzla Lagoon (Dural et al., 2007) for muscles and livers respectively; 0.04-0.05; 0.11-0.14, 0.04-0.06 mg kg À1 for fish from the western Adriatic Sea, Italy (Storelli et al., 2006) for muscles, livers and gills respectively. The present Cr concentrations were relatively higher than those detected by Khaled, 2004a which had the ranges 0.11-0.21, 0.51-0.79,and 0.63-1.09 mg kg À1 for fishes collected from the El-Mex Bay, Egypt but comparable to that reported from Masoud et al., 2007 0.23-1.26, 1.02-5.71 , and 0.39-3.22 mg kg À1 for fish along the Alexandria coast waters, Egypt for muscle, liver and gill tissues respectively.
Lead in fish, causes deficits or decreases in the survival, growth rates, development and metabolism, in addition to increased mucus formation (Burger et al., 2002) . Lead values recorded their highest levels in gills which fluctuated from 1.17 to 1.64 mg kg À1 followed by liver tissues (0.93-1.36 mg kg À1 ) while the lowest concentrations were recorded for muscles (0.67-0.99 mg kg
). The high content of lead in gill tissues is approved by NRCC, 1973 which attributed these findings to the possibility of particulate or organic lead adsorbed into the gills of fish. A lower pH at the gill surface due to respired CO 2 may dissolve lead to a soluble form, which could diffuse into the gill tissue. Lead is also found in the liver, due to the large affinity of Pb +2 for thiol and phosphate containing ligands found in the liver (Moore and Ramamoorthy, 1985) . Lead levels in the literature have been reported in the range of 0.22-0.85 mg kg À1 for fish from the middle Black Sea (Tu¨-zen, 2003); 0.33-0.93 mg kg À1 for fish from the Black and Aegean Seas for muscles (Uluozlu et al., 2007) ; 1.41-3.92 mg kg À1 (Dural et al., 2007) , 0.38-5.20 mg kg À1 , 0.83-3.71 mg kg À1 for fish livers. Nickel can cause respiratory problems and it is carcinogenic (Agency for Toxic Substances and Disease Registry, 2004) . Its acute toxicity arises from competitive interaction with five major essential elements namely: calcium, cobalt, copper, iron and zinc (Moore and Ramamoorthy, 1985) . The upper tolerable intake level (UL) of nickel for children (1-3 years old) and males/females (19-70 years old) is 7 and 40 mg/day, respectively (Institute of Medicine, 2003) . The mean nickel concentrations detected in the present study are 0.37, 0.62, 0.71 mg kg À1 in muscle, liver and gill tissues respectively in tuna fish in the three locations. These results are within the ranges for those reported earlier (0.18-1.52, 0.46-2.91, 1.16-4.78 mg kg À1 wet weight) (Khaled, 2013) and 0.56-0.67, 0.59-0.75, 0.74-1.06 mg kg À1 (El-Moselhy, 1996), 0.51-1.69, 0.43-1.65, 1.21-2.18 mg kg À1 (Khaled, 2004a) for the same organs of fish from the Egyptian Mediterranean Sea. However, Ni levels in the present study were lower than those reported 0.66 to 1.59 mg kg À1 for muscles of fish from the Iskenderun Bay (Tu¨rkmen et al., 2006) , and within those in muscles of fish from the Black Sea coasts (<0.01-2.04 mg kg À1 ) (Topcuog˘lu et al., 2002) ; 0.02-4.22 mg kg À1 for muscles and 0.40-9.70 mg kg À1 for livers of fish from the coastal waters of the Turkish Seas , 0.02-3.97 mg kg À1 for muscles and 0.13-8.89 mg kg À1 for livers of fish from the Marmara, Aegean and Mediterranean Seas .
The distribution pattern of Cd in the present study was in the decreasing order of liver 0.23-0.25 mg kg À1 P gills 0.12-0.22 mg kg À1 > muscle 0.05-0.06 mg kg
. In other words, the liver seemed to be the organ which accumulates the highest value of Cd. This is in agreement with the WHO Environmental Health Criteria of Cd (WHO, 1992) and Mormede and Davies (2001) which reported that Cd is stored in the body in various tissues, but the main site of accumulation in aquatic organisms is in the kidney and liver, beside the gills which might be a route of uptake (Yılmaz et al., 2010) . Cadmium levels in the present study were generally in similar ranges with the literature, where it has been reported as 0.02-0.24 mg kg À1 for muscles of fish from the Black Sea coasts (Topcuog˘lu et al., 2002) ; 0.09-0.13 mg kg À1 for muscles of fish from the Ç amlik Lagoon (Dural et al., 2007) ; 03-0.12 mg kg À1 for muscles and 0.02-0.35 mg kg À1 for livers of fish from the Tuzla Lagoon, Mediterranean Sea region (Dural et al., 2007) ; 0.13-0.47 mg kg À1 for livers of fish from the Marmara, Aegean and Mediterranean Seas 0.09-0.27, 0.30-1.49, 0.27-0.66 
mg kg
À1 (Khaled, 2013) and 0.03-0.52, 0.07-0.41, 0.07-0.10 mg kg À1 (El-Moselhy, 1996) for muscle, liver and gill tissues, respectively, for fish from the Egyptian Mediterranean Sea.
Heavy metals in mussels
Algae and molluscs are proved to be especially suitable for biomonitoring (Franco et al., 2002; Conti and Cecchetti, 2003; Wagner and Boman, 2004) because of their mode of living. Mussels are commonly used as bioindicators. They are sedentary organisms filtrating large amounts of water allowing them to accumulate the substances from the environment. They also satisfy the other conditions to be bioindicators and these are: suitable dimensions, easy identification and collection of organisms, abundance in the ecosystem and accumulation of the elements to a degree suitable to measure (Conti and Cecchetti, 2003; Wagner and Boman, 2004) . The concentrations of the eight metals under investigation Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn for the studied bivalves are resumed in Table 2 . The study revealed that the ranking order of mean concentrations of the heavy metals in the investigated mussels were Fe (296.66) > Zn (88.22) > Mn (5.50) > Cu (1.30) > Pb (1.14) > Cr (1.07) > Ni (0.66) > Cd (0.35) (mg kg À1 wet weight). The study revealed that the large bivalves recorded higher values for Fe, Zn, Mn, Cu, and Cd; whereas the small bivalves recorded the highest levels for Cr, Ni and Pb. Considering the mean concentration of heavy metals, the analysed samples showed higher values for Fe when compared to the respective ones from the Black Sea (Turkey), Greece, Croatia and Spain as illustrated in Table 3 , but comparable to those reported by Coimbra et al., 1991 for mussels collected from Portugal. Zn concentration is within the ranges reported for Portugal, Black Sea (Turkey) and Spain but higher than those reported for Bulgaria, Bosporus (Turkey), Greece and Croatia (Table 3 ). Mussels from Croatia had similar levels of Cu, Ni, Pb and smaller levels of Cr, Mn and higher values for Cd (Orescanin et al., 2006) . The average concentrations of Cd, Cu and Pb are in agreement with those reported by Besada et al., 2011 for mussels collected from Spain. Meanwhile, the concentrations of Cu, Mn, Ni are in agreement with those detected by Catsiki and Florou, 2006 for mussels from Greece but recorded higher Cr values. Health risk from consuming tuna fish and mussels
Potential non-carcinogenic effects were evaluated by calculating a target hazard quotient (THQ). For a single compound, the target hazard quotient (THQ) is the ratio of the CDI to a reference dose:
where: CDI is chronical daily intake (mg kg À1 day À1 ); RfD is reference dose. The intake or dose for the ingestion of fish muscles is calculated based on the equation (USEPA, 1991 (USEPA, , 2000 :
where: C = concentrations (mg/kg wet weight) of the investigated chemical pollutants in muscle tissues; Rf = reduction factors (unitless); IR = ingestion rate (g day À1 ); Cf = conversion factor (10 À3 kg/g); ABS = ingestion absorption factor (fraction absorbed); Ef = exposure frequency (days year À1 ); ED = exposure duration (years); BW = body weight (kg); AT = average time of exposure (days). The reduction factor is a number between 0 and 1 that describes the fraction of the pollutants originally that remains after the mussels have been cooked. As this reduction value was not known for the two investigated mussel species, a factor of 1 was used as a conservative assumption. The absorption factor (ABS) is the fraction of pollutants absorbed during ingestion and is specific. In general, it is assumed to be 100%, which is conservative and thus 100% ABS was used in the present study. The ingestion rate (IR) for the muscle and mussels were obtained from a study performed in Egypt (FAO, 2005) . All the other parametres used in the equation were default values obtained from the USEPA documents (USEPA, 1989; USEPA, 1991) . The total THQ (TTHQ) of heavy metals for fish is the sum of the following composition: TTHQ = THQ (Cd) + THQ (Cr) + THQ (Cu) + THQ (Mn) + THQ (Pb) + THQ (Zn): Table 4 shows the target hazard quotients (THQs) for Cd, Cr, Cu, Mn, Pb, and Zn caused by consuming the investigated fish species collected from the El-Mex Bay, the Eastern Harbour, the Abu-Qir Bay as well as the two bivalves. An important aspect in assessing the risk to human health from potentially harmful chemicals in food is the knowledge of the dietary intake of such substances that must remain within determined safety margins. The target hazard quotients (THQs) values of Cd, Cr, Cu, Mn, Pb, and Zn (no available RfD is available for Fe and Ni) for the investigated fishes and mussels do not exceed one (Cd: 1.2 · 10 ) respectively, indicating that there is no health risk from consuming the investigated fish and mussels. Analogously, the TTHQ ranged from 0.076 to 0.097 and from 0.0014 to 0.0024 for the consumption of fish and mussels, respectively; being less than 1 suggested that the health risk was insignificant.
Conclusions
This study was carried out to provide information on heavy metal concentrations in tuna fish from three hot spots (ElMex Bay, the Eastern Harbour and Abu-Qir Bay) along the Alexandria coast, Egypt; and the investigated two mussels collected from the Abu-Qir Bay. As expected, significant differences were found in the three different tissues in view of accumulation of the selected metals. All results showed that high levels of heavy metals were in the liver while the lowest ones were in the muscles of the species except Mn, Ni and Pb which recorded their highest levels in gills. From the human health point of view, Cd, Cr, Cu, Mn, Pb, and Zn THQ values (<1) show a situation of no risk for the consumer of the investigated fish and mussels. (HQ) seem to indicate that dietary consumption of these fish and mussels does not implicate an appreciable human health risk. However, although the concentrations are below the limit values for fish, a potential danger may emerge in the future, depending on the domestic waste waters and industrial activities in the region. Even though bioaccumulation levels are not yet critical, further monitoring programs should be conducted. Table 4 Target hazard quotient of Zn, Mn, Cu, Cr, Pb and Cd and their total target hazard quotient in muscle tissues of investigated fish and mussels. 
